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Dose Est i mates for the 1104 mAPS storage Ri ng

1.0 Introduction

The est i mated dose equ iva 1 ent rates outs i de the sh i e 1 ded
storage ring, and the estimated annual dose equivalent to
members of the public due to direct radiation and skyshine
from the ring, have been recalculated. The previous
estimates found in LS-84 (MOE 87) and cited in the 1987
Conceptua 1 Des i gn Report of the APS (ANL 87) requ ired
revision because of changes in the ring circumference and in
the proposed 1 ocat i on of the ring with respect to the nearest
site boundary. The values assumed for the neutron qua 1 i ty
factors were a 1 so overest i mated (by a factor of 2) in the
prev i ous computat ion, and the correct va 1 ues have been used
for this estimate.

The methodo logy used to compute dose and dose rate from the
storage ring is the same as that used in LS-90 (MOE 87 a) .
The calculations assumed 80 cm thick walls of ordinary
concrete (or the shielding equivalent of this) and a roof
thickness of 1 meter of ordinary concrete. The circumference
of the ring was increased to 1104 m, and the closest distance
to the boundary was taken as 140 m. The reca 1 cu 1 at i on of the
skysh i ne component used the same methodo logy as that used in
LS-84.

2.0 Direct Radiation

The following assumptions were used in the recalculation of
the direct rad i at i on component:

Beam Current - 0.3 A
Circumference - 1104 m
Positron Energy - 7 GeV
Mean Lifetime of Beam - 10 h
Shielding - 1 m normal concrete on the roof, 0.8 m of

norma 1 concrete on the sides
Total Beam Energy - 7728 J
Shortest Di stance to Dose Poi nt - 1.3 m

The shielding on the outer side of the tunnel (experimental
area side) is in the form of a ratchet but for computat i onal
purposes is considered circular. The calculations should be
conservative, because the distance from the positron orbit to
the outs i de of the sh i e 1 ding wa 11 does vary around the
ratchet but the mi n i mum va 1 ue has been assumed for the ent ire
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per i meter.

To estimate the losses around the ring, the following
express ion, adapted from Swanson et a 1. (SWA 85), was used to
est i mate the var i at i on wi th ang 1 e of the bremsstrah 1 ung dose
at 1 m due to positron interactions in the vacuum chamber:

-( ÐB/G )
H/W = 16.7E 2 1/2

o

-eB/21 -$8/110
+ 833(10 ) + 25(10 ),

in which H is in mrem, W is in joules, E is the pos i tron
0

energy in MeV, eB is the bremsstrah 1 ung angle in degrees and

e E = 100 MeV deg. The fi rst term on the ri ght si de of1/2 0

the express i on accounts for the hi gh 1 y peaked forward
component of the bremsstrah 1 ung rad i at ion. Figure 1
ill ustrates the geometry for the cont i nuous loss, assumi ng
un i form interact ions in the vacuum chamber around the
circumference. As indicated in the figure, 6B is the angle
between the forward direct; on of the pos i tron beam at Q and
the 1 i ne segment QP to the dose po i nt P. For a pos i tron
stri king the vacuum chamber at poi nt Q, the bremsstrah 1 ung
dose (mrem/J) at P wi 11 be

-( ¡u x)
H e BREMH =BREM 2
W (QP)

in which H/W is evaluated for the appropriate angle
the slant shield thickness (cm) at that angle, and

-1the attenuation coefficient (cm )
material.

eB, xis?- is
BREM

for the given shield

Isotrop i c emi ss i on is assumed for the two neutron components,
the giant resonance neutrons (GRN) and the high energy
neutrons (HEN). The i r dose contr i but ions (mrem/ J) to the
point P are given by

-( ¡v x)
0.63 e GRN

-( li x)
0.075 e ¡-HENH =

GRN 2
(QP)

and H =
HEN 2

(QP)
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For the calculations using normal concrete, fA ' f ' and
BREM GRN

1

~ were taken as 0.048, 0.059, and 0.02 cm
HEN

respect i ve 1 y .

When the contribution from each of the individual componentso 0
is integrated over all angles( 0 \= e \= 360, see Figure 1
for e ), the result is the cumulative contribution from each
component at the point P due to a uniformly distributed loss
around the ring (mrem deg/ J ) . For a total stored energy of
7728 J and a mean lifetime of 10 h, the energy loss rate is
1.357 J/h deg. Multiplying each of the integrated
contri but ions by the energy loss rate and summi ng the resul ts
gives the total dose rate at the dose point P (mrem/h).

The total dose rate at various distances from the positron
orbit is shown in Figure 2. Table 1 lists the annual dose
equivalent from direct radiation at various distances from
the positron orbit for an assumed operation time of 8000 h.
These data are also plotted in Figure 3.

TABLE 1
Annual Dose Equivalent

(Direct Radiation for 8000 h Operation)

Di stance, il mrem/y

1 .3
2

10
20
50

100
150
200
500

1000
1500
2000
5000

400.6
261 .3
49.6
23.4
8.0
3.3
1 .8
1 .2
0.27
7.8E-02
3.7E-02
2. 1 E-02
3.6E-03
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3.0 Skyshine

The skyshine contribution from scattered neutron radiation
was estimated using the following assumptions:

12 12 +
Positrons lost in 10 h - 0.63 (6.9 x 10 ) = 4.36 x 10 e
Safety Factor - 3, since equat ion is good on 1 y to a factor

of 3
Neutron Fl uence - 80% fast neutrons (1-2 MeV) and 20% hi gh

energy neutrons (100-400 MeV) at the dose
point

Quality Factor - Values were obtained from Figure 3 of DOE
Order 5480.11 (DOE 88, Section 9.f.(5))

Fluence Rate to Dose Equivalent Rate Conversion Factor -- 2
~ = 7.8 n/cm s/mrem/h for 1-2 MeV n- 2
~ = 4.6 n/cm s/mrem/h for 100-400 MeV n- 2

Avg. ~ = 0.8(7.8) + 0.2(4.6) = 7.16N 7.2 n/cm s/mrem/h

The source term for the neutron skyshi ne component was
computed from the yield 0.12 n/e, obtained from Bathow et al.

(BAT 67) for 6.3 GeV e
12

0.12(n/e)4.36 x 10 (e) e
.02(100)

Q =
6

= 1.97 x 10 n/s
4

3.6 x 10 (s)
for an assumed 10 h mean 1 i fet i me. Th is sou rce strength was
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conservatively increased by a factor of 3, giving 5.91 x 10 .

An expression for the skyshine contribution from a well-
shielded accelerator (RIN 75) was used to estimate the
skysh i ne dose equ i va 1 ent:

riA

2
4~ r

in wh i ch a and A are constants, cP ( r) is the f 1 uence rate

~ (r) -
a Q e
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2
(n/cm s), Q is the source strength (n/s) and r is the
distance to the dose point (cm). Values of the constants a
and A quoted from measurements at DESY by Ri ndi and Thomas
(RIN 75) were used in the computat ion. The values chosen

4
(a = 7 and A = 3.3 x 10 cm) give the 1 argest f 1 uence rate
va 1 ues for the DESY measurements.

2
Using the conversion factor 7.2 n/cm s/mrem/h, the dose

equivalent rate H becomes
4

(r/3.3 x 10 )

(mrem/h) ,
2

r

in which r is expressed in cm. Table 2 contains the
est i mates of the annual skysh i ne dose contr i but i on at var i ous
distances from the positron orbit, assuming 8000 h of
operation. Figure 3 shows the annual dose data of Table 2
plotted along with the annual dose data from di rect
radiation.

TABLE 2
Annual Dose Equivalent

(Skyshine Radiation for 8000 h Operation)

D i stance.. .m mrem/y

100
150
200
300
400
500

1000
1500
2000
3000
4000
5000

27.0
10.3
5.0
1 .6
0.68
0.32
1.77E-02
1 .73E-03
2.13E-04
4.58E-06
1 .24E-07
3.85E-09



4.0 Remarks
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From Figure 2, it is seen that the ALARA design criterion of
\ 0.5 mrem/h for occupational exposure (DOE 88, Section
9.j.(b)) is met at the distance of closest approach (1.3 m).
The dose rate at this location is 0.05 mrem/h. From Figure
3, it is seen that the projected total annual dose equivalent
at the new assumed boundary (140 m from the pos i tron orbi t)
is about 14.2 mrem/y. Thi s compri ses N 2 mrem/y from direct
radiation and 12.2 mrem/y from skyshine. The total annual
dose is only slightly higher than the estimate in LS-84 (N 10
mrem/y), as the dose increase due to moving closer to the
boundary ; sal most offset by the correct; on in the neutron
qua 1 i ty factor. The est i mated tot a 1 annual dose of 14.2 mrem
meets the criterion of Draft DOE Order 5400.XX (DOE 88a),
wh i ch 1; mi ts annua 1 dose to the pub 1; c to 100 mrem/y.

ANL 87

BAT 67

DOE 88

DOE 88a

MOE 87

MOE 87a

RIN 75

SWA 85
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FIGURE 1

Geometry for Component Doses due to
Continuous Loss around the Storaae Rina.. 'O
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FIGURE 3

ANNUAL DOSE
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